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(54) MOTOR CONTROL CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a motor control 
circuit for enhancing the efficiency of a fan motor or the 
like while reducing the motor noise and switching noise. 
SOLUTION: The motor control circuit for rotating a rotor 
by turning output transistors 8, 9 on/off to feed a 



current periodically to motor coils 1 0, 1 1 comprises a 
pole position detection element 3 for outputting a signal 
depending on the rotation of rotor, a differential amplifier 
4 for amplifying the output signal from pole position 
detection element 3, a circuit 102 for advancing the 
phase of output from the differential amplifier 4, and a 
zero-cross comparator 103 for converting the output 




from phase lead circuit 102 into a pulse. The motor 
control circuit further comprises a logic circuit 104 for 
detecting the phase lead of zero-cross comparator 103, 
and a circuit 1 05 for turning the output transistors 8, 9 
on/off to interrupt the conduction current of motor coil 
10, 1 1 at the final stage of each period using the output 
from the logic circuit 1 04. 
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Summary 
(57) [Abstract] 

[Technical problem] The noise and the switching noise of a motor are reduced and the control 
circuit of the suitable motor for the fan motors which aimed at improvement in efficiency is 
offered. 

[Means for Solution] The magnetic pole position sensing element 3 which outputs a signal 
according to rotation of Rota in the control circuit of a motor which current is periodically 
passed [ control circuit ] in the motor coils 10 and 1 1, and makes them rotate Rota by ON of the 
output transistors 8 and 9, and OFF, The differential amplifier 4 which amplifies the signal of this 
magnetic pole position sensing element 3, and the phase lead network 102 which advances the 
phase of the output of this differential amplifier 4, By the output of the zero cross comparator 
103 which changes the output of this phase lead network 102 into a pulse, the logical circuit 104 
which detects the amount of phase lead lag networks of the zero cross comparator 1 03, and a 
logical circuit 104 The circuit (105) which turns off the output transistors 8 and 9 so that the 
last stage of the energization current of the motor coils 10 and 1 1 may be intercepted for every 
period was had and constituted. 
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[Claim 1] The ON of an output transistor, the control circuit of a motor which current is 
periodically passed [ control circuit ] in a motor coil and makes it rotate Rota by OFF 
characterized by providing the following The magnetic pole position sensing element which 
outputs a signal according to rotation of Rota Differential amplifier which amplifies the signal of 
this magnetic pole position sensing element The phase lead network which advances the phase 
of the output of this differential amplifier The zero cross comparator which changes the output 
of this phase lead network into a pulse, the logical circuit which detects the amount of phase 
lead lag networks of the aforementioned zero cross comparator, and the circuit which makes the 
above-mentioned output transistor off by the output of the aforementioned logical circuit so that 
the last stage of the energization current of the above-mentioned motor coil may be intercepted 
for every period 



[Translation done.] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to improvement of the 
control circuit of a motor useful to control of motors, such as DC brushless motor used for a fan 
drive. 
[0002] 

[Description of the Prior Art] For example, it is called for that it is small since the motor used 
for the uses for DC brush loess fan drive etc. needs to contain the control circuit of the motor 
in the limited space, and that it can manufacture by the low cost. Therefore, generally in the 
control circuit of this kind of motor, 2 phase half-wave drive of 180-degree phase contrast which 
performs position detection of Rota by one magnetic pole position sensing element, and changes 
two output transistors by this signal as a method with which there are few passive circuit 
elements and they end is adopted. Drawing 6 is a connection diagram of the control circuit of DC 
brushless motor used for this conventional kind of use. In this drawing, it is the magnetic pole 
position sensing element to which 1 and 2 detect bias resistance and 3 detects the magnetic 
pole position of Rota, for example, a hall device is used, respectively. 4 is differential amplifier 
which amplifies the output of the magnetic pole position sensing element 3. 5 outputs the 
energization command signal of the complementation which is a distribution circuit and decides 
whether to energize to either of the motor coils 1 0 and 1 1 by the output signal of the differential 
amplifier 4. For this reason, the energization command signal of the distribution circuit 5 is 
energized in the motor coils 10 and 1 1 by turning on the output transistors 8 and 9 through 
resistance 6 and 7 (OFF) (energization halt). The control circuit 101 of the motor conventional 
by 1 of a more than or 1 1 is constituted. Drawing 7 shows the timing chart of operation by the 
above-mentioned conventional control circuit. In this drawing, as (a) shows two outputs by the 
magnetic pole position sensing element 3 accompanying rotation of Rota and shows them in this 
drawing, an output becomes high-level by turns to hall device DC-bias voltage. The output of the 
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differential amplifier 4, (c) ? and (d) of (b) are the output signals of the distribution circuit 5, 
respectively, (e) And (f) is energization current of the motor coils 10 and 1 1, respectively, and as 
energization current is large and being mentioned above in the last stage of each period, noise 
and the motor efficiency are getting worse, (g) And (h) is the collector-voltage wave of the 
output transistors 8 and 9, respectively, and when big energization current is intercepted, signs 
that the big surge voltage by L (di/dt) has occurred are shown. 
[0003] 

[Problem(s) to be Solved by the Invention] As mentioned above, in the conventional thing, as the 
drive current of a motor coil is shown in (e) of drawing 7 , and (f), since a motor reverse 
electromotive voltage becomes small, in the last stage of energization of each motor coil, drive 
current will become large. By the way, since the current of this last stage is steep, it becomes 
the cause of noise, and in a motor coil, big surge voltage is also generated like (g) of this drawing, 
and (h). Moreover, this terminal current is the cause of degrading efficiency remarkably in order 
not to contribute to the generating torque of a motor. Then, as advanced technology which 
improves this point, as JP,6-245584,A etc. shows, the circuit which intercepts the last stage of 
the current corresponding to rotation energized in a motor coil for every period by the duty 
proportional to the period is proposed. However, in the thing of this advanced technology, as for 
intercepting the last stage of the energization to a motor coil, the range of the position whose 
sum of the generating torque of 2 phase coil the energization angle has stopped being 1 80 
degrees electrically, and is zero spreads. The dead point which cannot start this phenomenon in 
the case of motor starting by powering on or the signal will exist. Although the starting 
compensating circuit which considers only during starting as energization 180 degrees further for 
this cure was added or it was necessary to enlarge reluctance torque for deciding a motor 
starting position by the magnetic force, there was a trouble of being accompanied by a cost rise 
or performance degradation, this invention solves the above-mentioned technical problem 
(trouble) of the conventional thing, and it aims at offering reduction of the switching pulse at the 
time of a phase change, and the control circuit of a motor which aimed at improvement in 
efficiency of a motor. 
[0004] 

[Means for Solving the Problem] As it amplifies the output of a magnetic pole position sensing 
element and a rotational frequency becomes high using this being a sine wave-like, in order that 
the control circuit of the motor of this invention may solve the above-mentioned technical 
problem to a certain phase Prepare the phase lead network to which a phase progresses, and 
the output is inputted as a pulse signal with a zero cross comparator. Only the time of both 
phase contrast generated the interception pulse by the logical circuit by the coil energization 
instruction (180-degree energization) signal which is an input signal of another side, and it 
constituted so that the energization last stage of coil current might be intercepted. 
[0005] With the above composition, the output of the phase lead network of motor during 
starting and the phase contrast of a coil energization command signal serve as zero, and an 
interception pulse is not generated. In order that the frequency of the output of a magnetic pole 
position sensing element may become high and the phase of a phase lead network may progress 
gradually as the rotational frequency of a motor rises, the width of face of an interception pulse 
becomes long, and turns into interception pulse width predetermined with a nominal speed. The 
current of the motor coil of the energization last stage is intercepted by the interception pulse 
width. Moreover, if a rotational frequency falls by a certain cause on stream with a nominal 
speed, the amount of leads of a phase lead network will decrease, interception pulse width will 
become short, the amount of interception of the energization last stage of the current of a 
motor coil will become less, and current will increase. Moreover, if a rotational frequency 
becomes high conversely, current will decrease. Consequently, a speed-control loop which 
maintains a fixed rotational frequency by accelerating a motor a little or slowing down is formed. 
[0006] 

[Embodiments of the Invention] The gestalt of 1 operation hereafter shown in drawin g 1 applied 
to DC brushless motor of two phases explains this invention concretely. The control circuit of 
the motor of this invention adds and constitutes a phase lead network 102, the zero cross 
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comparator 103, a logical circuit 104, and a switching circuit 105 to the conventional control 
circuit 101, as shown in this drawing. Therefore, about composition equivalent to the 
conventional thing, the same sign as drawing 6 is attached and the explanation is omitted. Next, 
this added composition is explained. Although the output of the differential amplifier 4 inputs as a 
phase lead network 102 consists of resistance 14 and 15 and a capacitor 16 and it is shown in 
this drawing, this input signal has become sine wave-like, and only a predetermined phase 
progresses according to the output frequency (hall device output frequency) of the differential 
amplifier 4 by the phase lead network 102. Drawing 2 shows the frequency of a phase lead 
network 102, and the relation of a phase, and the constant of resistance 14 and 15 and a 
capacitor 16 is set up so that a phase-lead-lag-network angle may serve as peak value this side 
like the (j) point with a nominal speed. The zero cross comparator 103 consists of an operational 
amplifier 20, the resistance 17 and 18 for reference voltages, and the resistance 19 for 
hystereses. Reference voltage decides to become the amplitude center voltage of the output of 
a phase lead network 102 with the partial pressure of resistance 17 and 18. Thereby, since the 
output of a phase lead network 102 is changed in the shape of a pulse at the center of an 
amplitude, it is called a zero cross comparator. The reason changed into a pulse by the zero 
cross is because it is possible that the output of a phase lead network 102 changes with the 
temperature characteristic of a hall device, circuit variation, etc. A logical circuit 1 04 compares 
one side of the energization command signal of the distribution circuit 5 with the signal of the 
zero cross comparator 103 by the coincidence circuit, and when both are not in agreement, it 
generates a high-level signal pulse. The signal pulse is called an interception pulse below. A 
switching circuit 105 consists of transistors 21 and 22 and resistance 23 and 24, and intercepts 
energization of transistors 8 and 9 by the interception pulse generated from a logical circuit 104. 
[0007] Drawing 3 is a timing chart of operation by this invention. In this drawing, (b) is [ the 
output of a phase lead network 1 02 and (L of the output of the differential amplifier 4 and (k)) ] 
the outputs of the zero cross comparator 103. (m) becomes one side of the energization 
command signal of the distribution circuit 5 with the output of a logical circuit 104, and (n) 
becomes the interception pulse of the energization last stage. (p1) And (p2) it synchronizes with 
one signal of the distribution circuit 5 which is energization current of the motor coils 10 and 1 1, 
respectively, among those (p1) is shown in a standup at (m), and before energization current 
becomes large at falling, it synchronizes with the signal of a logical circuit 104 shown in (n), and 
is intercepted. Thus, the energization last stage of the motor coils 1 0 and 1 1 is intercepted, and 
the efficiency of a motor improves by cutting invalid current into torque, (q) And (r) is the 
collector voltage of the output transistors 8 and 9, respectively, and since the energy which the 
big current of the energization last stage is intercepted and is accumulated at the motor coils 10 
and 1 1 becomes small, the surge voltage at the time of energization interception is decreasing. 
[0008] Here, pulse width change of the interception pulse at the time of rotation going up from 
during starting to a nominal speed is explained. Since, as for during starting, a rotational 
frequency rises gradually from zero, the output phase of a phase lead network 102 is the case 
that frequency is low, in drawing 2 , and there is almost no lead. A phase progresses as a 
rotational frequency approaches rating, an interception pulse occurs, pulse width becomes large 
gradually, and a motor energization angle and a corresponding nominal speed are reached. That 
is, the generating range of the dead point does not become large, either, without intercepting an 
energization angle for during starting. The timing chart of drawin g 4 shows operation of this 
during starting. In this drawing, the output of the differential amplifier 4 of during starting turns 
out (t), and on the other hand, (v) is the output of the zero cross comparator 103, (w) is the 
output of a logical circuit 104, and, as for (u), it turns out [ of the energization command signal of 
the distribution circuit 5 ] that interception pulse width is increasing with the increase in a 
rotational frequency. Moreover, according to the effect that the pulse width of an interception 
pulse changes according to a rotational frequency, to rotational frequency change of the motor 
by disturbance, if rotation becomes slow, interception pulse width will become narrow, 
energization current increases, and a motor is accelerated. Moreover, if rotation becomes early, 
interception pulse width will become large, energization current decreases, a motor is slowing 
down and a speed-control loop will also be formed. Drawin g 5 is a timing chart showing this 
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state. In this drawing, it is the output of the differential amplifier 4 and (y) is an interception 
pulse, and (x) shows the case of being early, respectively, when late [ a rotational frequency is 
rating and ]. 

[0009] this invention is not limited to the thing of the above-mentioned example. For example, 
although the above-mentioned example explained this invention by the case where it applies to 
DC brushless motor of two phases, it is applicable also to DC brushless motor of a three phase 
circuit or other polyphases of 5 equality. What is necessary is to prepare three transistors for 
the switching in three pieces and a switching circuit 105 also in three and an output transistor, 
respectively, and just to connect the output terminal of the distribution circuit 5 according to 
the case of two phases of drawing 1 so that it may correspond to star connection or three 
motor coils of a three phase circuit by which the delta connection was carried out in applying to 
DC brushless motor of a three phase circuit in that case. Moreover, although the above- 
mentioned example showed the case where the zero cross comparator 103 was constituted from 
an operational amplifier 20, resistance 17 and 18 for reference voltages, and hysteresis 
resistance 19, you may constitute from other logical elements equipped with such a comparison 
function. 
[0010] 

[Effect of the Invention] As mentioned above, by the control circuit of the motor of this 
invention, a phase lead network is used and it has the shell which could be made to carry out 
adjustable [ of the interception pulse width ] with a zero cross comparator certainly, and the 
following outstanding effects. 

(1) It can carry out adjustable [ of the interrupting time of the energization last stage ] 
automatically from the during starting of a motor to a nominal speed. 

(2) Consequently, since a motor can be started smoothly, noise is suppressed, and since the 
switching pulse at the time of a phase change can be reduced, the efficiency of a motor 
improves sharply. 

(3) Moreover, the control circuit of this invention is simple, has few electronic parts, and has 
little influence by the temperature change, electronic-parts variation, etc. 

(4) Moreover, IC-izing is also possible, and since small and low-cost-ization are also attained, 
practicality is size as a control circuit of the motor of the various uses required to be contained 
in the small and compact state besides DC brush loess fans motor for a drive. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the connection diagram showing the composition of the control circuit of the 
motor concerning the gestalt of 1 operation of this invention. 

[ Drawin g 2] It is the frequency characteristic view of the phase lead network under composition 
of this invention. 

[ Drawin g 3] It is a timing chart of operation by the control circuit of this invention. 
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[Drawing 4] It is the timing chart of the during starting by this invention of operation. 

[Drawing 5] It is a timing chart of operation at the time of the motor rotational frequency change 

by this invention. 

[ Drawin g 6] It is the connection diagram showing the composition of the control circuit of the 
conventional motor. 

[Drawing 7] It is a timing chart of operation by the control circuit of the conventional motor. 

[Description of Notations] 

3: Magnetic position sensing element 

4: Differential amplifier 

8 9: Output transistor 

10 11: Motor coil 

1 02: Phase lead network 

1 03: Zero cross comparator 

1 04: Logical circuit 

105: Switching circuit 
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DRAWINGS 



[Drawing 1 ] 
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[Drawing 4] 
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[ Drawin g 6] 
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